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This paper reports regional drainage patterns observed during the 
development of surface drainage maps from aerial photographs of sev­
eral counties in Indiana. This drainage mapping is a part of the 
current highway research program at Purdue University.
The airphotos used in this work were taken during 1937-1943 in 
connection with the United States Department of Agriculture map 
program. The prints were obtained from the Agriculture Adjustment 
Administration along with photographs of uncontrolled mosaics known 
as county index sheets. Approximately 25,000 prints were required for 
complete stereo-coverage of the state (3 )*
The development of detailed drainage maps has emphasized the 
fact that definite drainage patterns are repeated in soils and rocks of 
like textures. Only recently have highway research engineers been 
observing these patterns through airphoto interpretation. However, 
certain basic stream patterns as determined by rocks and soils of an 
area have long been recognized in the natural sciences of geology, 
physiography, and geomorphology.
Horizontal exposures of bare rock in Indiana are rare occurrences, 
and much of the state is covered with a mantle of glacial drift; conse­
quently, the drainage systems (for the most part) have had their be­
ginnings in either residual or transported soils. In regions where the 
rocks are covered with shallow soils, drainage patterns are decidedly 
different from those in regions of deep glacial drift. Through analysis 
of patterns exhibited in drainage maps of several counties, a definite 
relationship is observed between pattern shapes and regional geologic 
materials.
The translation of airphoto patterns into drainage and engineering 
soils maps is in its infancy, but its importance is being recognized by
* I t a l i c  f i g u r e s  in  p a r e n t h e s e s  r e f e r  to  t i t l e s  l i s t e d  in  th e  B i b l i o g r a p h y .
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highway engineers as an indispensable tool in the design, location, and 
construction of bridges and highways. For the past four or five years 
research engineers working with the Joint Highway Research Project 
at Purdue University have been studying aerial photographs of the 
United States (and various other countries as well) in an effort to 
correlate highway and airport runway performance with recurring 
“patterns” of drainage and soils observed on the airphotos.
B a s i c  D r a i n a g e  P a t t e r n s
A pattern has been defined as “an arrangement or composition that 
suggests or reveals a design” (13). For any given land area a stream 
system appears to arrange itself into a “design”. Like land areas have 
like stream arrangements; and, therefore, the “designs”—or drainage 
“patterns”—are similar.
Figure 1 illustrates six of the main types of drainage patterns. 
They can be described briefly as follows:
1. A dendritic drainage pattern is treelike in form; the main 
stream corresponds to the trunk of the tree and its tributaries resemble 
the irregularly subdivided branches of the tree (11, p. 127).
F igure 1
S k e t c h e s  i l l u s t r a t i n g  d r a i n a g e  p a t t e r n  t y p e s .
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2. A trellis type of drainage pattern may be compared to a vine 
on a garden trellis; the primary tributaries are long and straight and 
often parallel to each other and to the main stream. Short, stubby sec­
ondary tributaries join the primary tributaries approximately at right 
angles (11, p. 127). “Grapevine” is another name for this type 
pattern (14, p. 503).
3. A radial drainage pattern may be likened to the spokes of a 
wheel; the streams flow radially either outward from a peak or inward 
toward a basin (7, p. 175).
4. In a parallel drainage pattern the streams or their tributaries 
are parallel or nearly parallel to each other (11, p. 127).
5. In an annular drainage pattern “ringlike” tributaries flow into 
the radial streams (11, p. 127). This type of pattern has been com­
pared to the rings in a tree (7, p. 175).
6. A rectangular drainage pattern shows the influence of the 
angular pattern of rock joints; it is characterized by many “abrupt 
bends” in both the main streams and their tributaries (11, p. 129).
Rock structure is a major factor in the development of these six 
patterns. Dendritic drainage patterns are normally formed by streams 
flowing in horizontal homogeneous rocks. Trellis patterns develop in 
folded or dipping rocks. Streams draining volcanic peaks assume the 
radial type of pattern. Drainage patterns in tilted rocks having parallel 
faults and in valley fill material often show striking parallelism. 
Streams around a dome follow circular, or annular, courses. Streams 
following the faults and cracks in jointed rocks produce rectangular 
drainage patterns (7, p. 175).
The foregoing drainage patterns may be considered as basic types. 
Two other types are the “anastomotic” (having sloughs and oxbow 
lakes) and the “colinear” (intermittent streams flowing in very straight 
lines). There are many modifications of the basic types. For instance, 
modified dendritic patterns may be “subdendritic” (having some bends) ; 
“subparallel” (like a Lombardy poplar) ; and “pinnate” (like a 
feather). (14).
D e n d r i t i c  D r a i n a g e  P a t t e r n s
After a rain the thin sheet of surface runoff (called rainwash) is 
“concentrated by converging slopes into the shortest and steepest routes 
downward” (8, p. 56). The runoff then “becomes organized into defi­
nite streams” (8, p. 56). The network produced by these streams in 
































































































The most common type of drainage pattern is the dendritic. It is 
developed “where the rock structure does not interfere with the free 
development of the streams” (5, p. 390). In Figure 2, modified den­
dritic drainage patterns have been developed in four different geologic 
materials.
A most minutely dendritic pattern is that produced by eroding 
Fierre Shale in Hughes County, South Dakota, shown in Figure 2A. 
Because the shale is completely impervious, the runoff is almost equal to 
the total rainfall, and surface drainage is fully developed forming an 
intricate stream system resembling the veins of a broad leaf.
Figure 2B is a modified dendritic drainage pattern developed in 
sandstone-shale. Weathering Knobstone in southwestern Clark County, 
Indiana, has eroded into a rangy dendritic drainage pattern in 
which the branching of the smaller tributaries is confined mostly 
to their “tip ends”. Sandstone is somewhat pervious; because of this a 
portion of the rainfall is retained and vegetation thrives. In this heav­
ily wooded region, forest cover has further retarded runoff and less­
ened hair-line dissection.
Figure 2C is a modified drainage pattern developed in massive 
limestone. This limestone region is in central Monroe County, Indiana. 
The main stream has many angular bends where resistant rocks have 
deflected it. This is characteristic of the rectangular drainage pattern 
shown in Figure 1. Structural control is also found in some of the 
tributaries. However, the smaller tributaries show the influence of the 
underlying rock and reflect the true nature of the pattern which might 
be classified as subdendritic. The tributaries show more subdivisions 
than those in sandstone, but are not as finely divided as those in shale. 
The pattern can be compared to the silhouette of a maple tree. This 
pattern seems to have been affected very little by a thin layer of Illi- 
noian drift. While drainage patterns are usually produced by surface 
streams, subsurface drainage in limestone regions often has a marked 
influence on the pattern since limestone weathers by solution. The 
hydraulic action of water draining into sink holes produces many sur­
face depressions. The discharge of the sinks is not always into an adja­
cent stream; it may be carried for miles through an underground 
stream system.
The over-all drainage pattern in deep loess deposits is a modified 
dendritic pattern referred to as “pinnate” because of the “frondlike” 
appearance of individual tributaries. This is shown in Figure 2D, 
which is a striking example of eroding windblown silt found in Lincoln 
County, Nebraska. Loess has a peculiar structure, in that internal drain­
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age is vertical; but where slopes are steep enough for erosion to start, 
and where there is sufficient rainfall, erosion becomes intense and the 
region soon is badly dissected. The ridges and valleys of deep loess 
deposits fix the direction of the streams.
G e o l o g i c  a n d  P h y s i o g r a p h i c  R e g i o n s  o f  I n d i a n a
By further analysis drainage patterns can be segregated according 
to geologic materials and, therefore, geologic regions, even though they 
may show slight local modifications not common to all like geologic 
regions. In order to classify the drainage patterns of Indiana, it is 
necessary to understand the fundamentals of the geology and physiog­
raphy of the state.
Of the three general types of rocks (igneous, sedimentary, and 
metamorphic) the underlying type in Indiana is sedimentary. The 
major tectonic form is the Cincinnati Arch, which has a slight westward 
dip in Indiana (5, p. 383). Some of the surface materials of the state 
are limestones, sandstones, shales, Wisconsin glacial drift, Illinoian 
glacial drift, gravel, and loess. Nearly all but the south-central part 
of the state has been glaciated, and the parent soil material is glacial 
drift. The unglaciated part belongs to the Interior Low Plateau 
Province of the United States, while the glaciated part lies within the 
Central Lowland Province (2). Of the glaciated part the south­
eastern and central portions fall within the Till Plains Section, and 
the northern portion is within the Eastern Lake Section (2).
The physiographic regions of Indiana are: (4, p. 66)
1. Dearborn Upland, on Upper Ordovician limestone and shale.
2. Muscatatuck Regional Slope, on Devonian and Silurian lime­
stones.
3. Scottsburg Lowland, on Upper Devonian shale.
4. Norman Upland, on Mississippian sandstone.
5. Mitchell Plain, on Mississippian limestones.
6. Crawford Upland, on Mississippian and Pennsylvanian sand­
stone, shale and limestone.
7. Wabash Lowland, on Pennsylvanian coal measures.
8. Tipton T ill Plain—glacial materials.
9. Northern Moraine and Lake Region—glacial materials.
The circled numerals on the map of Indiana in Figure 3 indicate 
the approximate locations of selected drainage patterns included in this 
study. Although these patterns are described elsewhere in this paper, 
it is pertinent to state here that they are patterns typical of geologic 
materials found in the following regions:
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A p p r o x i m a t e  l o c a t i o n s  o f  r e g i o n a l  d r a i n a g e  p a t t e r n s  d e s c r i b e d  in  t h i s  p a p e r  a r e  
s h o w n  b y  c i r c l e d  n u m e r a l s .  S h a d e d  a r e a s  i n d i c a t e  c o u n t y  d r a i n a g e  m a p s  w h e r e  
e x a m p l e s  o f  r e g i o n a l  d r a i n a g e  p a t t e r n s  h a v e  b e e n  f o u n d .  ( T h e s e  c o u n t i e s  a r e  
P a r k e ,  P u t n a m ,  V i g o ,  B r o w n ,  F a y e t t e ,  U n i o n ,  O h i o ,  a n d  S w i t z e r l a n d . )
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1. Sandstone in southwestern Clark County—Norman Upland.
2. Limestone in central Monroe County— Mitchell Plain.
3. Wisconsin drift in southwestern Tipton County—Tipton Till 
Plain.
4. Illinoian drift in northeastern Ripley County— Dearborn Up­
land.
5. Wisconsin-Illinoian drift border in northeastern Decatur Coun­
ty—Dearborn Upland.
6. Ordovician Limestone and Shale in southwestern Switzerland 
County—Dearborn Upland.
7. Sandstone and Shale in central Brown County— Norman Up­
land.
8. Loess in western Posey County—Wabash Lowland.
9. Ohio River Granular Terrace in southern Switzerland Coun­
ty— Dearborn Upland.
The shaded areas in Figure 3 indicate completed county drainage 
maps. Drainage patterns and geologic materials found in these counties 
substantiate the premise that regional drainage patterns exist in Indiana.
D r a i n a g e  P a t t e r n s  o f  I n d i a n a  R e g i o n s
During the recent development of surface drainage maps of various 
Indiana counties, it has been observed that certain modified dendritic 
drainage patterns are repetitive in the airphotos of the state. The under­
lying rocks of the state are very nearly horizontal; there is a lack of 
extreme tilting, warping, jointing and faulting, and as a result regional 
drainage patterns are dendritic (or modifications thereof), for this type 
of pattern “implies a lack of marked structural control” {14, p. 500). 
Not discussed currently are such patterns as those found in the lower 
Wabash River valley, where sloughs and oxbow lakes abound (the 
anastomotic pattern), and those of the northern counties, where numer­
ous lakes and swamps depict the undeveloped nature of the drainage.
The examples which follow are modified dendritic patterns representa-
h I
tive of regional drainage patterns in Indiana. $
Wisconsin Drift. Figure 4 is a typical drainage pattern of the 
Tipton T ill Plain—a Wisconsin drift till plain which is an irregular, 
undulating sheet of till. The topography is featureless—differences in 
elevation being from 2 to 20 feet. It has been referred to as a region 
of “little relief and meager modification by dissecting streams” {12, 




























































































T i p t o n  T i l l  P l a i n  s o i l s  in  M o n t g o m e r y  C o u n t y .  N o t e  l i g h t - c o l o r e d  C r o s b y  s o i l  
a n d  d a r k - c o l o r e d  l o w e r - l y i n g  B r o o k s t o n  so i l .  W a t e r  f in d s  it s  w a y  t h r o u g h  t h e s e  
g e n t l y - s l o p i n g  d a r k  a r e a s  in t o  g u l l i e s  w h i c h  c o n n e c t  to  l a r g e r  s t r e a m s .
pervious. This reduces the amount of small gullies for part of the run­
off becomes subsurface drainage. The chief identifying airphoto element 
is the black-and-white mottled pattern, often referred to as the Brooks- 
ton-Crosby pattern. (See Figure 5.) The drainage of a glaciated region 
has been described as “glacially disturbed,” for drift deposits have ob­
scured preglacial stream systems and new drainage systems have devel­
oped (14). The drainage of the till plain is connected through the 
darker, lower-lying depressions. Gentle gradients of these depressions 
prevent any but sheet erosion over extensive areas. The divides are flat 
and the streams sluggish. Wherever the gradient becomes steep enough 
for gullies to form, these gullies are like “grooves” in the plain and they 
empty into creeks which flow in shallow, wide “valleys” (12, p. 17). 
Although the main streams are “roughly parallel, with few and only 
short tributaries” the general drainage pattern of the till plain is 
broadly dendritic (5, p. 390). It has the appearance of the forked ends 
of chain lightning.
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M O N T G O M E R Y  C O
F igure 6
D r a i n a g e  m a p  o f  P u t n a m  C o u n t y .
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W A Y N E  C O .
D r a i n a g e  m a p  o f  U n i o n  C o u n t y .
This broadly dendritic drainage pattern is to be found in the north­
ern part of Putnam County. (See Figure 6.) In the vicinity of Roach- 
dale there is a region of fairly level, undissected Wisconsin drift-cov­
ered upland.
The same pattern can be observed in the eastern part of Union 
County. (See Figure 7.) This part of the county is slightly rolling; 
it is almost level along the divide between Hannah’s Creek and Four 
Mile Creek.
Illinoian Drift. Figure 8 is a typical drainage pattern of the 
Illinoian Drift region of Indiana. This is the oldest surface drift in 
the state. Its topographical features are subdued (10, p. 427). It is 
























































































for the soil has a developed profile of approximately 10 feet (7, p. 187). 
The “A” horizon consists of about two feet of “expansive silt” and the 
“B” horizon is “expansive silty-clay” (1 , p. 187). Much of the surface 
is so level that it is “imperfectly drained” (6, p. 271). The subsoil is 
impervious and is very poorly drained internally. Surface drainage fur­
nishes the identifying airphoto element, which is the white-fringed 
gully. (See Figure 9.) The broad flat bottom of this type of gully is
F igure 9
I l l i n o i a n  d r i f t  g u l l y  in  P a r k e  C o u n t y .  N o t e  w h i t e  f r i n g e  o f  th e  s i l t y  to p  so i l .
formed by erosion removing the easily eroded silt from the impervious 
clay subsoil. Long tributaries indicate low velocity of the runoff water. 
Where the gradient becomes steep and the runoff water cuts into the 
clay the gullies become V-shaped. The drainage pattern is “sub- 
dendritic,” a modification of the dendritic type with long, nearly parallel 
tributary systems. Wide expanses show no developed drainage pattern ; 
here the terrain is nearly flat and headward erosion has not cut into the 
silty “A” horizon.
One of the counties in which the Illinoian drift drainage pattern 
can be found is Fayette County, most of which is in the Dearborn
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Upland. (See Figure 10.) Illinoian drift is the surface soil in the 
southern part of the county. The presence of white fringed gullies 
along Bear Creek, Wilson Creek, Fall Creek, and Williams Creek 
mark exposures of Illinoian drift.
Wisconsln-lllinoian D rift Border. Figure 11 illustrates the change 
in drainage patterns where runoff waters drain Wisconsin drift regions 
into Illinoian drift regions. Wisconsin drift, being later in age, covers 
the Illinoian drift and obviously is higher in elevation. The pattern 

































































































































little from the Tipton Till pattern shown in Figure 4 because the 
terminus of the Wisconsin drift sheet is morainic, and the topography 
more rolling than that of the till plain. A few more gullies have 
developed and the pattern is a more closely woven one than that of 
the till plain. The pattern in the lower right of Figure 11 is that of 
lllinoian drift, which has been characterized as a subdendritic modifica­
tion of the dendritic pattern. Figure 12 shows drift border topography.
Parke County lies entirely within the area covered with glacial 
drift. (See Figure 13.) The surface soil deposits have been derived 
from Wisconsin drift in the northern part of the county, and from 
lllinoian drift in the southern part. The drift border can be traced 
across the county from Atherton to Mecca, to Rockville, and eastward
F igure 12
D r i f t  b o r d e r  t o p o g r a p h y  in  P a r k e  C o u n t y .
to the county line northeast of Ferndale. As a specific example, Spring 
Creek (in the southwestern part of the county) has its headwaters in 
the Shelbyville Moraine, but flows out of the county through an Illino- 
ian drift region. The photograph in Figure 12 was taken in this area.
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D r a i n a g e  m a p  o f  P a r k e  C o u n t y .
Ordovician Limestone and Shale. The intricately dendritic drain­
age pattern shown in Figure 14 compares closest, perhaps, to the basic 
dendritic pattern shown in Figure 1. By rights, it is a combination of 
the basic dendritic pattern and the subdendritic pattern shown in 
Figure 2C. The presence of two materials, laminated limestone and 
shale, of different structure lends the pattern an irregularity which 
approaches that of the rectangular pattern. Streams flowing in shale 
are deflected, sometimes sharply, when they contact the more resistant 
limestone. Sink holes are found on the ridges where a limestone layer 
is sufficiently thick to permit their development. These sinkholes affect 
the drainage pattern only to the extent of occasional surface depres­
sions, for most of the runoff water flowing through them finds its way 






































































































cative of the magnitude of the dissection of the terrain, for the drainage 
pattern is a function of the slope of the land. The density is great also 
because of the presence of impervious shale (see Figure 2A), as well as 
because of a great difference in elevation between the ridges and the 
valleys. Figure 15 shows a stream valley in this region. This region
Figure 15
O r d o v i c i a n  l i m e s t o n e  a n d  s h a l e  s t r e a m  v a l l e y  in  th e  a r e a  o f  F i g u r e  14.
was once covered with Illinoian drift, but the drift has been removed 
by erosion until now only traces of it are found on the highest ridges. 
The presence of Illinoian drift apparently does not affect the drainage 
pattern.
The Ohio County drainage map is shown in Figure 16. W ith the 
exception of the granular terraces along the Ohio River and some rela­
tively small areas near Bear Branch, where Illinoian drift still remains 
intact, the drainage pattern of the whole county is that shown in Figure 
15. The relief of the landscape of this county is great, no doubt be­
cause of a difference of 400 feet in elevation. This roughness of 


































































































































































Sandstone and Shale. Figure 17 illustrates the modified dendritic 
drainage pattern developed in regions of laminated sandstone and shale. 
Here again, the pattern is a combination of the minutely dendritic 
pattern of the all-shale region (see Figure 2A) and the rangy pattern 
of sandstone-shale shown in Figure 2B. The influence of the shale 
is seen in the additional subdivisions of the smaller tributaries. The pat­
tern indicates that immediate runoff is less than for limestone and shale 
regions because sandstone is somewhat pervious. The pattern is dense 
also because of a considerable difference in elevation between the ridges 
and valleys. The region is old and the interfluves have been reduced to 
knifelike ridges. Deep valleys offer an opportunity for man to construct 
dams and create artificial lakes, but these do not affect the pattern— 
it was established long before the lakes were formed, and they are but 
“blots on an otherwise clean cut system of lines”. Figure 18 shows 
road construction “down in the hills of Brown County”.
F igure 18
R o a d  c o n s t r u c t i o n  in  a B r o w n  C o u n t y  s t r e a m  v a l l e y .
Figure 19 is a reproduction of the drainage map of Brown County 
(9, p. 22). The surface rocks of the central and western part of the
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county are unglaciated sandstones and shales. While the surface cover­
ing of the northern and southeastern parts of the county is Illinoian 
drift, the drainage of the entire county is influenced by the exposed 
and underlying rocks—sandstone and shale. Consequently, the drainage 
pattern is the dendritic pattern shown in Figure 18. Brown County is 
in the Norman Upland.





















Loess. Figure 20 shows a modified dendritic drainage pattern found 
in upland regions along the eastern side of the Wabash River valley 
from Fountain County to the Ohio River. While the pattern resembles 
the one in deep loess shown in Figure 2D, it lacks the characteristic 
“frondlike” regularity of the established loess drainage pattern. This 
can be attributed in part to the shallowness of the deposit. The mate­
rial on which it is deposited, also is an influencing modifier; here the 
underlying material is Illinoian drift. Glacial lakebed deposits in the 
lower-lying valleys add their influence, for the long, straight tributa­
ries are the artificial drainage ways of man-made ditches. The pattern 
is a distinctive, complex dendritic pattern. It will be noted that the 
design in the center right is “palmate”, and that some of the tributaries 
are “pinnate” on only one side, while other designs are “subdendritic”. 
The designs of the over-all pattern fit together in an interwoven net­
work much as the nerve fibers of a plexus. The density of the pattern 
indicates large-scale erosion. Figure 21 shows a gully in this region.
Figure 21
A  l o e s s - d e p o s i t  g u l l e y  in  P o s e y  C o u n t y .
Figure 22 is the drainage map of Vigo County (9). Portions of 
the bluffs of the upland on the east side of the Wabash River are cov­
218
ered with loess deposits of varying depth. As a specific example, the 
area near Allendale exhibits the interwoven complex dendritic pattern 
shown in Figure 21. This section of Vigo County is in the Wabash 
Lowland.
Ohio River Granular Terrace. Figure 23 is the drainage pattern 
characteristic of granular terraces found in the bends of the Ohio River 
in southeastern Indiana. This terrace is between Markland and Flor­
ence in Switzerland County. In reality, there is a lack of a developed 
drainage pattern which is significant; internal drainage provides an 
escape for nearly all runoff water. A few drainage ways follow depres­
sions which are doubtless stream scars. An occasional short, steep, V- 
shaped gully is found along the edges of the terrace. The most striking
219
D r a i n a g e  p a t t e r n  o f  a g r a n u l a r  t e r r a c e .  A b o v e — a i r p h o t o  o f  a n  O h i o  R i v e r  
t e r r a c e  in  S w i t z e r l a n d  C o u n t y .  B e l o w — d r a i n a g e  m a p  o f  s a m e  r e g i o n .
Figure 23
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feature is the inability of Log Lick Creek to cut across the granular ter­
race at Florence. It turns abruptly to the west and flows in a slack 
water trough for about three miles before it empties into the Ohio 
River at Markland. In so doing it becomes the main stream for tribu­
taries draining the dissected Ordovician limestone and shale hills to 
the north. The complete lack of relationship of the upland drainage 
pattern to that of the terrace gives the area an “irregular drainage 
pattern” (14). Figure 24 shows the topography of this terrace.
Figure 24
O h i o  R i v e r  g r a n u l a r  t e r r a c e  t o p o g r a p h y .
These terraces are composed of granular materials transported by 
glacial melt waters draining Wisconsin drift areas and are important 
sources of gravel and sand in southeastern Indiana, for the Illinoian 
drift that once covered the region contained little granular material.
The drainage map of Switzerland County, shown in Figure 25, 
gives the location of several Ohio River granular terraces like the one 
in Figure 24. A granular terrace having an elevation of about 500 feet 
above sea level is to be found in a bend of the Ohio River north of 
Patriot, and another is found in the bend of the river in the extreme 
southeast corner of the county. The terrace shown in Figure 24 lies
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between Florence and Markland. Vevay is built on a high granular 
terrace. Lamb is also situated on one of these Ohio River terraces. 
The county is in the Dearborn Upland.
D r a i n a g e  m a p  o f  S w i t z e r l a n d  C o u n t y .
Conclusions
On the basis of observations made during the analysis of recurring 
drainage patterns in Indiana, the following conclusions have been 
reached:
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1. Drainage patterns of certain regions in Indiana are definite 
modifications of the basic dendritic pattern.
2. In transitional glacial drift regions the pattern retains the 
characteristics of that of the dominant material.
3. There is a high degree of correlation between drainage patterns 
and the soils and underlying rocks of these certain regions.
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